Excimer laser crystallized silicon solar cells fabricated show a steady increment of the current densities with exposure to simulated sunlight, over a 30 minute period. The current density of the amorphous silicon cell under identical conditions remains steady, with no significant change. The process was observed to be reversible upon cooling, and the performance increase is attributed to the energy barrier introduced by the enhanced bandgap of a nanocrystalline silicon middle layer, created as a result of the crystallization. It is suggested that the thermal energy due to prolonged illumination allows carriers to cross the barrier increasing output currents.
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Hydrogenated amorphous silicon (a-Si:H) is one of the most widely used materials for photovoltaics. The pseudo-direct bandgap coupled with the high absorption coefficient, along with reduced costs in deposition compared to crystalline silicon are the main advantages of the material. The high absorption coefficient of a-Si:H also allows one to reduce the thickness of the active layer used. However, light induced degradation of the solar cells, known as the Stabler-Wronski effect, has been a major drawback for the technology.
[1] Due to the Stabler-Wronski effect, the devices degrade by 15-30 % from its initial efficiencies. [2] Crystallization of a-Si:H has been studied as one of the potential solutions to this problem. [3, 4] Excimer laser crystallization has been a preferred technique for crystallization of a-Si:H deposited on cheap substrates such as glass.
Ultraviolet excimer laser energy is highly coupled to a-Si:H and nc-Si:H, due to their high UV absorption coefficients. Upon irradiation, melting and solidifying of the a-Si:H film occur during tens of nanoseconds, with melt depth mainly determined by the laser energy density, often without affecting the underlying substrate. Three major crystallization regimes; partial melting, complete melting and near complete melting, have been reported which primarily depend on energy density and initial film thickness. [5] For photovoltaics, films with adequate thickness for light absorption crystallize in the partial melting regime, resulting in a layered structure. [3] We report the use of the partial melting regime to fabricate solar cells with nanocrystalline silicon (ncSi:H)/poly crystalline silicon absorber layers which show increased short circuit current densities (J sc s) with prolonged solar irradiation, contrary to a-Si:H cells.
Device structures containing indium tin oxide (ITO, 500 nm)/ chemical vapour deposited p + a-SiC:H (12 nm)/a-Si:H (~400 nm) on glass substrates were obtained from a commercial producer. The samples were irradiated using a Lambda Physik LPX 210i KrF excimer laser operating at 248 nm with 25 ns full width half maximum pulse duration.
The samples were crystallized in a vacuum chamber with a base pressure of 0.05 Pa. A 4x8 mm 2 , asymmetric peak profile laser pulse was scanned at 2.5 mms -1 with a pulse repetition rate of 50 Hz, for crystallization. [6] The samples were crystallized with 40, 80, 120 and 160 mJcm -2 laser energy densities. 60 nm thick aluminium contacts were evaporated on to the silicon surface after a buffered hydrofluoric acid dip for 20 seconds to remove native oxide layer, resulting in devices with a 5-8 mm 2 area.
Crystalline volume fractions of the samples were estimated before evaporation of the metal contacts using Raman spectroscopy with a Renishaw 2000 Ramascope with 782 nm excitation. [3] The surface roughness of the devices were also measured using atomic force microscopy with a Digital Instruments Dimension 3100 scanning probe microscope. Figure 1 shows the crystalline volume fractions and the surface roughness of the laser crystallized silicon films and a-Si:H. The crystalline volume fraction of each film increases with the increasing laser energy density, resulting in a maximum of 37% at 160 mJcm -2 . The textured transparent electrode used as the light scatterer, ensures that the initial rms roughness of the a-Si:H is 36 nm. The crystallization process increases surface roughness, resulting in a maximum of 47 nm, which is a 30 % increase from the initial roughness. The increased roughness is expected to be favourable rather than detrimental to device performance, enhancing the light scattering capability.
The current-voltage characteristics of the devices were measured under simulated solar irradiation (air mass 1.5,1000 Wm −2 ) using an Oriel 81160 solar simulator. [7] A Keithley 2400 source meter was used for measurements, controlled using custom programmed software. Figure 2 shows the room temperature current density-voltage characteristics. Repeat current-voltage measurements on the same devices after cooling (by allowing to cool in atmosphere, in the dark) indicated identical J sc increases, indicating that the process is reversible. This observation suggests that the observed enhancement of photocurrents correlates with the other reversible measurement observed due to prolonged light exposure; the cell temperature. However, the thermal energy attained due to the maximum cell temperature measured (42°C) is insignificant (~1 meV) for a significant increase of carriers in a silicon solar cell. Therefore, in order to investigate the laser crystallized silicon film further, transmission electron microscopy (TEM) was used. experimental reports on charge emission at interface states in silicon. [10, 11] The observed temperature dependence of laser crystallized silicon cell may be useful as a temperature sensor measuring actual absorber layer temperature of a photovoltaic module.
In conclusion, excimer laser crystallized silicon solar cells were fabricated and increasing J sc were observed with prolonged exposure to AM 1.5 simulated light, contrary to a-Si:H cell J sc fabricated without the crystallization step. The phenomenon is attributed to the fine-grained nc-Si:H layer formulated during crystallization, sandwiched between an unconverted a-Si:H layer and the polycrystalline silicon layer. The increase of thermal energy due to prolonged light exposure is proposed to increase the probability of photoexcited charges overcoming the interface barrier through field emission and thermionic field emission, aided by the effective relaxation of Fermi level pinning at the interface, resulting in increased J sc .
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